Caffeic acid phenethyl ester (CAPE), a plant-derived phenolic compound and an active component of propolis from honeybee hives, is known to have antiviral, 1) antibacterial , 2) anti-inflammatory, 3, 4) antiatherosclerotic, 5) antioxidative, 6, 7) immunostimulatory 8) and tumor growth inhibition activity.
immunostimulatory 8) and tumor growth inhibition activity. 9, 10) This compound has also been shown to be a potential inhibitor of some enzymes such as ornithine carboxylase, 11) 5-a reductase, 12) protease, 13) lipoxygenase, 14, 15) cyclooxygenase, 15, 16) and human immunodeficiency virus (HIV)-1 integrase. 17, 18) CAPE has been chemically synthesized from caffeic acid and phenethyl alcohol via acid-catalyzed esterification using p-toluenesulfonic acid as a catalyst, 6, 14, 17, 19) and via the coupling reaction with dicyclohexylcarbodiimide (DCC) as a coupling agent. 6, 20) It can also be prepared by base-catalyzed alkylation of caffeic acid with b-bromoethylbenzene in dipolar aprotic solvents such as hexamethylphosphoramide (HMPA). 21) The latter reaction has been reported to give a high yield (ca. 70%) of product compared to the first two reactions which give only 40% yield.
To confirm the structure of CAPE, which we synthesized by alkylation of caffeic acid salt with b-bromoethylbenzene using HMPA as solvent, we subjected the product of the reaction to single crystal X-ray crystallography. The X-ray diffraction data showed that the ester structure (I) is the reaction product and not the ethers (II, III) (Chart 1).
Experimental
Thin-layer chromatography (TLC) was performed on precoated Silica gel F 254 plates (Merck) and on microscope slides (2.5ϫ7.5 cm) coated with silica gel G containing fluorescent indicator (Fluorescent Brightener 80). Detection was by iodine vapor and by UV light (UV lamp, model UVG-54). Column chromatography was performed on Silica gel H (32-63 mesh) from Selecto Scientific. MgSO 4 was used as the drying agent for organic extracts. Solvents were evaporated under vacuum. Melting points were determined on a Fisher-Johns melting point apparatus and are uncorrected. IR spectra were recorded on a Perkin-Elmer 683 IR spectrophotometer. Single crystal X-ray analysis was performed using a Bruker SMART with 1K CCD detector. Data were collected using SMART Software. Cell refinement and data reduction were performed using the SAINT program. SHELXS86 22) was used to solve the structure and SHELXL93 23) to refine the structure. SHELXTL was used to display molecular graphics and to prepare publication material.
Materials Caffeic acid (3,4-dihydroxycinnamic acid, 98%); b-bromoethylbenzene (phenethylbromide); HMPA (99%); diethyl ether; and ethyl acetate were from Aldrich.
Synthesis CAPE was synthesized according to Hashimoto et al. 21) To a solution of caffeic acid (1.98 g) in 25 ml of HMPA, 2.28 ml of 25% NaOH was added. After stirring for 1 h, a solution of b-bromoethylbenzene (5.7 ml) in 10 ml HMPA was added dropwise with a separatory funnel and the solution was stirred for 52 h at room temperature. The reaction mixture was poured into ice water (50 ml), and the product was extracted with diethyl ether (2ϫ50 ml). The ether extract was washed successively with 1 N HCl (20 ml) and water (20 ml), dried over MgSO 4 (10-15 g), and evaporated under vacuum. The product dissolved in ether was chromatographed on a silica gel column (150 g), eluted with CHCl 3 and then with increasing proportions of ethyl acetate. The fraction eluted with 30% ethyl acetate contained the desired product. Recrystallization from ether/n-hexane gave compound (I) (CAPE) as a pale-yellow powder; mp 124.5-126°C; yield ca.
70%. IR (neat) cm

Ϫ1
: 3490, 3100, 1685, 1640-1610, 1100. Single-Crystal X-Ray Analysis of CAPE Single crystals of I suitable for X-ray analysis were obtained by slow evaporation from benzene. Data were collected from a colorless thin plate crystal of dimensions 0.20ϫ0.10ϫ 0.02 mm on a Bruker SMART with 1K CCD detector with MoKa radiation (lϭ0.71073 Å; graphite monochromated) employing 0.3°w scanning technique. The final refinement of the structure was achieved by the full-matrix least-squares method with anisotropic displacement parameters for all nonhydrogen atoms and fixed isotropic displacement parameters for all hydrogen atoms. Crystallographic data are listed in Table 1 .
Results and Discussion
The IR spectrum showed a peak for phenolic OH (br, 3490 cm ) and a peak for C-O stretch (1100 cm Ϫ1 ) consistent with structure I. However, the one dimensional 1 H-NMR spectrum was not of sufficient quality to allow reliable assignment of proton signals to distinguish between structures I, II, and III. X-ray analysis showed that the reaction product had structure I corresponding to CAPE.
A perspective view of compound (I) with atomic numbering is shown in Fig. 1 . The X-ray crystallographic data and the selected geometric patterns are shown in Tables (Fig. 2, Table 3 ). X-ray data has also shown that the crystal of I (recrystallized from benzene) contains one-half molecule of solvent benzene for each molecule of CAPE giving a molecular formula of C 17 H 16 O 4 · 1/2C 6 H 6 . (4) 10237 (7) 7210 (3) 3567 (3) 48 (1) C (1) 5646 (9) 3249 (4) 4342 (3) 30 (1) C (2) 4777 (9) 2142 (4) 4540 (4) 30 (1) C (3) 2417 (9) 1690 (4) 4137 (4) 30 (1) C (4) 946 (9) 2362 (4) 3546 (4) 32 (1) C (5) 1849 (9) 3490 (4) 3350 (4) 30 (1) C (6) 4228 (9) 3955 (4) 3743 (3) 25 (1) C (7) 5088 (9) 5121 (4) 3494 (3) 31 (1) C (8) 7358 (9) 5604 (4) 3665 (3) 32 (1) C (9) 8155 (11) 6788 (4) 3403 (4) 35 (1) C (10) 7119 (11) 8568 (5) 2712 (5) 76 (2) C (11) 5459 (11) 8819 (4) 1840 (4) 61 (2) C (12) 5998 (10) 10064 (4) 1545 (4) 35 (1) C (13) 4692 (9) 10986 (5) 1742 (4) 40 (1) C (14) 5157 (10) 12127 (5) 1470 (4) 42 (2) C (15) 7015 (10) 12374 (5) 997 (4) 40 (2) C (16) 8375 (9) 11462 (5) 795 (4) 43 (2) C (17) 7877 (10) 10320 (5) 1064 (4) 44 (2) C (1S)
608 (12) 5784 (5) 939 (5) 42 (2) C (2S)
2144 (11) 4999 (6) 659 (5) 48 (2) C (3S)
1522 (12) 4218 (5) Ϫ282 (6) 47 (2) Thus, we have confirmed by single crystal X-ray diffraction that the major product of the reaction of caffeic acid salt with b-bromoethylbenzene in HMPA solvent is CAPE and not the two ethers II and III.
